wo 98/53064 



(partial translation) 



PCT/JP98/02171 



SPECIFICATION 



Field of the Invention 



1 0/ 086 9 Bie 



The present invention relates to a gene involved in the transport of organic anions in the 
kidney and the polypeptide coded for by that gene. 

Background of the Invention 

The kidneys play an important role in the excretion of foreign substances and drugs from 
the body. Anionic drugs are excreted into the urine via the proximal renal tubules along a 
pathway mediated by carriers. The excretion of these kinds of organic anions begins with 
the influx of organic anions into the tubule cells through their basal membranes from the 
blood surrounding the tubules. 

The influx of organic anions at the basal membrane has been studied in experiments 
using resected organ perfusion and isolated cell membrane vesicle systems and utilizing 
p-aminohippuric acid and the like as the organic anion substrate. The results of this 
research suggested that an organic anion transporter is involved in the influx of organic 
anions and that the influx of organic anions at the basal membrane is mediated by a 
transporter that exchanges organic anions and dicarboxylates. 

However, it has been impossible to analyze the details of the transport mechanism in the 
renal tubules, for example, the transport network between transporters and the 
interactions between drugs in the renal excretion process, using previous methods, and 
there has been a need to isolate the organic anion transporter gene to enable a detailed 
analysis of this mechanism. 

Various molecular species of the organic anion transporter gene expressed in the liver 
have been cloned (Hagenbuch et al, Proc. Natl. Acad. Sci., USA, Vol. 88, pg. 10629, 
1991; Jacquemin et al., Proc. Natl. Acad. Sci. USA, Vol. 91, pg. 133, 1994). In addition, 
the cloning of the OCT! gene, which is one of the organic cation transporters expressed 
in the kidneys and liver, has been reported (Grandemann, et al., Nature, Vol 372, pg. 
549, 1994). 

Furthermore, the cloning of the sodium-dependent dicarboxylate transporter gene 
(NaDC-1) of the kidney has been reported (Pajor, et al., J. Biol. Chem., Vol. 270, pg. 
5779,1995). 

Recently the cloning of the organic anion transporter OAT-Kl gene, which is localized in 
rat renal tubule, has been reported (Saito, et al., J. Biol. Chem., Vol. 270, pg. 20719, 
1996), and this gene is related to the sodium-independent organic anion transporter (oatp) 



expressed in rat liver. However, it has not been confirmed that the transport mechanism 
of OAT-Kl is based on the exchange of organic anions and dicarboxylates. 

Summary of the Invention 

The object of the present invention is to provide a gene for a novel organic anion 
transporter involved in the transport of organic anions in the kidney and the organic anion 
transporter that is the polypeptide coded for by that gene. Other objects of this invention 
will become clear in the following discussion. 

The inventors have cloned the gene of a novel protein from rat kidney cells, and this 
protein has the capability to transport organic anions. The inventors have also cloned a 
homologous gene (homolog) in humans. The inventors have completed the present 
- invention by successfully expressing the product of this gene in the ova of Xenopus 
laevis and verifying that it transports organic anions. 

More specifically, the present invention is a protein selected from a group consisting of 
(A), (B), (C) and (D) below. 

(A) The protein comprising the amino acid sequence represented by Sequence No. 1. 

(B) A protein having the capability to transport organic anions and comprising an 
amino acid sequence derived from Sequence No. 1 by deletion, substitution or addition of 
one or more amino acid residues, 

(C) The protein comprising the amino acid sequence represented by Sequence No. 2. 

(D) A protein having the capability to transport organic anions and comprising an 
amino acid sequence derived from Sequence No. 2 by deletion, substitution or addition of 
one or more amino acid residues. 

In addition, the present invention is a gene selected from a group of DNA consisting of 
(a), (b), (c) and (d) below. 

(a) DNA comprising the base sequence represented by Sequence No. 1. 

(b) DNA that codes for a protein having the capability to transport organic anions and 
to hybridize with the DNA comprising the base sequence represented by Sequence No. 1 
under stringent conditions. 

(c) DNA comprising the base sequence represented by Sequence No. 2. 

(d) DNA that codes for a protein having the capability to transport organic anions and 
to hybridize with the DNA comprising the base sequence represented by Sequence No. 2 
under stringent conditions. 



The inventive novel protein that has lhe capability to transport organic anions, i.e., the 
organic anion transporter (OATl: Organic Anion Transporter 1) is expressed mainly in 
the renal tubules of the body. 

The organic anion transport capability (uptake of organic anions into cells in which it is 
expressed) of the organic anion transporter OATl is activated by the presence of 
dicarboxylates in the cell. Based on this finding, it is thought that this protein is a 
transporter that exchanges dicarboxylates for organic anions. It is also believed that 
when this exchange transport occurs, the dicarboxylates expelled from the cell by OATl 
in exchange for the organic anions are taken back into the cells by the sodium-dependent 
dicarboxylate transporter (NaDC-I) and recycled. 

The inventive organic anion transporter OATl has an extremely broad range of substrate 
selectivity, and it has the capability to transport (uptake) cyclic bases, prostaglandins, and 
uric acid as well as drugs with various different structures such as antibiotics, NSAIDs, 
diuretics, antitumor drugs and the like. 

Furthermore, the inventive organic anion transporter OATl is believed to have no 
homology with the previously reported organic anion transporter OAT-Kl found in rat 
kidney, and it is thought to be an entirely different molecular species. 

Brief Description of the Drawings 

Figure 1 is a graph showing the experimental results of uptake of glutarate by ova 
injected with cRNA of the rat sodium-dependent dicarboxylate transporter (rNADC-1) 
gene. 

Figure 2 is a graph showing the experimental results of uptake of p-aminohippuric acid 
(PAH) by ova injected with mRNA and/or cRNA of the rat NaDC-1 gene from rat kidney 
tissue. 

Figure 3 is a graph showing the hydrophobic plot of the rat organic anionic transporter 
OATl. 

Figure 4 is a photo of electrophoresis showing the result of analysis of expression of 
OATl gene mRNA in various rat organ tissues by Northern blot. 

Figure 5 is a graph showing the results in PAH uptake tests in ova injected with rat OATl 
gene cRNA in which the effect of preincubation with glutarate and the effect of joint 
expression with rNaDC-1 were investigated. 



Figure 6 is a graph showing the results in PAH uptake tests in ova injected with rat OATl 
gene cRNA in which the effect of the addition of NaCl was investigated. 



Figure 7 is a graph showing the results in PAH uptake tests in ova injected with rat OATl 
gene cRNA in which the effect of the concentration of PAH substrate was investigated. 

Figure 8 is a graph showing the results in PAH uptake tests in ova injected with rat OATl 
gene cRNA in which the effect of the various types of drugs on the system was 
investigated. 

Figure 9 is a graph showing the results of uptake tests in ova injected with rat OATl gene 
cRNA when various species of radioactively labeled drugs were used as substrates. 

The Most Preferred Embodiments to Perform the Invention 

Sequence No. 1 in the sequence table below represents the entire length of the cDNA 
base sequence (approx. 2.2 kbp) of the organic anion transporter (rat OATl) gene from 
rat kidney and the amino acid sequence (551 amino acid residues) of the protein coded 
for by its translating region. 

Sequence No. 2 represents the entire length of the cDNA base sequence (approx. 2.2 kbp) 
of the organic anion transporter (human OATl) gene from human kidney and the amino 
acid sequence (563 amino acid residues) of the protein coded for by its translating region. 

Homology searches of all sequences contained in known DNA databases (GenBank and 
EMBL) and protein databases (NBRF and SWISS-PROT) were conducted for the base 
sequences and amino acid sequences shown in Sequence Nos. 1 and 2 of the sequence 
table, but no matches were found, and these sequences are believed to be novel. 

In addition to proteins having the amino acid sequences represented by Sequence Nos. 1 
and 2, the scope of the inventive protein includes, for example, proteins having an amino 
acid sequence derived from the amino acid sequences represented by Sequence Nos. 1 
and 2 by deletion, substitution or addition of one or more amino acid residues. This 
deletion, substitution or addition shall be such that the organic anion transport capability 
is retained and shall be normally 1 to approx. 1 10 residues, preferably 1 to approx. 55 
residues. The amino acid sequences of these kinds of proteins shall normally have 80% 
or more, preferably 90% or more, homology with the amino acid sequences represented 
by Sequence Nos. 1 and 2. 

In addition to genes containing the DNA having base sequences represented by Sequence 
Nos, 1 and 2, the scope of the inventive gene includes, for example, genes containing 
DNA that can hybridize under stringent conditions with the DNA having the base 
sequences represented by Sequence Nos. 1 and 2. This hybridizing DNA may be any 
DNA such that the protein that it codes for has the capability to transport organic anions. 
The base sequence of this DNA shall normally have 70% or more, preferably 80% or 
more, homology with the base sequences of the DNA represented by Sequence Nos. 1 
and 2. This kind of DNA shall include mutant genes expressed in nature, mutant genes 
produced by intentional mutation, homologous genes derived from other species of 
organisms and the like. 



Id the present invention, hybridization under stringent conditions may be performed 
under conventional stringent conditions (low stringent conditions) in which hybridization 
is conducted in a hybridization solution of 5xSSC or an equivalent salt concentration at 
37° to 42°C for approximately 12 hr, a pre-rinse is performed as needed using a solution 
of 5xSSC or an equivalent salt concentration, aiid a rinse is performed in a solution of 
IxSSC or an equivalent salt concentration. On the other hand, hybridization may also be 
performed under conditions having a higher level of stringency (high stringent 
conditions) in which the rinse is performed in a solution of 0. IxSSC or an equivalent salt 
concentration. 

The inventive organic anion ti-ansporter gene can be isolated by screening using suitable 
mammalian kidney tissues and cells as a gene source. Such mammals may include non- 
human animals such as dog, cow, horse, goat, sheep, monkey, pig, rabbit, rat, mouse, and 
the like as well as humans. 

The screening and isolation of the gene is optimally performed using expression cloning 
and the like. 

For example, using rat kidney tissue as a gene source, mRNA [poly (A)"^ RNA] is 
prepared. This mRNA is fractionated, and each fraction is introduced into ova of 
Xenopus laevis together witii tiie cRNA of the rat sodium-dependent dicarboxylate 
tiransporter (rNaDC-1). 

Because the cDNA of the NaDC-1 gene has already been reported, (Pajor et al., J. Biol. 
Chem., Vol. 270, pg. 5779, 1995), tfie cDNA of tiie NaDC-1 gene can easily be obtained 
by a method such as PGR. Complimentary RNA (cRNA) (capped) can be syntiiesized 
from tiie NaDC-1 cDNA using T3 or T7 RNA polymerase and tiie like. 

In tiie ova in which tiie mRNA and NaDC- 1 cRNA have been introduced, the OAT 1 
mRNA can be concentrated by measuring tiie transport (uptake) of substrate into the cells 
using, for example, PAH and the like as a substrate (organic anion) and selecting the 
mRNA fraction that exhibits the highest uptake. A cDNA library is then prepared based 
on this concenti-ated mRNA. cRNA (capped) is prepared from the cDNA of the library, 
and each clone is intioduced into ova together with NaDC-1 cRNA in the manner 
described above, and a clone containing the OATl gene cDNA can be obtained by using 
substiate uptake activity as an indicator and selecting positive clones. 

The amino acid sequence of OATl can be determined by determining the base sequence 
of the cDNA obtained as described above, identifying its translating region, and 
determining tiie protein tiiat it codes for, i.e., the OATl protein. 

The following procedure can be used to demonsti-ate that tfie cDNA obtained in tiie above 
manner is the cDNA of the organic anion transporter gene, i.e., that the gene product 
coded for by tiiis cDNA is the organic anion transporter. The cRNA prepared from the 
cDNA of the OATl gene is introduced into ova and expressed, and tiie transport (uptake) 



capability of organic anions into the cells can be confirmed by measuring the uptake of 

substrate into the cells with a conventional uptake experiment (Kanai and Hediger, 
Nature, Vol., 360, pp. 467-471, 1992) using a suitable organic anion as the substrate in 
the same manner as described above. 

It is also possible to investigate the properties of OATl, for example, the fact that OATl 
is performing exchange transport with dicarboxylates, the substrate specificity of OATl, 
and the like by employing the same kind of uptake experiment on cells that express 
OATl. 

It is also possible to isolate homologous genes, chromosomal genes and the like from 
different tissues and different organisms using the cDNA of the OATl gene obtained in 
the above manner by screening a suitable genomic DNA library or cDNA library 
prepared from a different gene source. 

In addition, the gene can be isolated from a cDNA library or genomic DNA library by 
conventional PGR (Polymerase Chain Reaction) by using a synthetic probe that is 
designed based on information in the base sequence of the disclosed inventive gene 
(complete or partial base sequence represented by Sequence Nos. 1 and 2). 

A DNA library such as a cDNA library or genomic DNA library can be prepared, for 
example by the method described in "Molecular Cloning" (Sambrook, J., Fritsch, E. R, 
and Maniatis, T., Cold Spring Harbor Laboratory Press, 1989). A suitable commercially 
available library may also be used. 

The inventive organic anion transporter (OATl) can be produced by gene recombination 
technology using, for example, cDNA that codes for the organic anion transporter. For 
example, DNA (cDNA and the like) that codes for the organic anion transporter can be 
incorporated into a suitable expression vector, and the resulting recombinant DNA can be 
inserted into suitable host cells. Expression systems (host- vector systems) for producing 
polypeptides include expression systems comprising bacteria, yeast, insect cells and 
mammalian cells. Among these, the use of insect cells and mammalian cells is preferred 
for obtaining functioning proteins. 

For example, for expressing the polypeptide in mammalian cells the DNA that codes for 
the organic anion transporter can be inserted into a suitable expression vector (for 
example, a retrovirus vector, papilloma virus vector, vaccinia virus vector, S V40 vector 
and the like) downstream from a suitable promotor (for example, S V40 promoter, LTR 
promoter, elongation la promoter and the like) to construct an expression vector. Next, a 
suitable animal cell is transformed by the expression vector, and the transformant is 
cultured in a suitable medium to produce the desired polypeptide. Suitable mammalian 
host cell lines include monkey COS-7 cells, Chinese hamster CHO cells, human HeLa 
cells, or first passage cells derived from kidney tissue, LLC-PKl cells derived form 
porcine kidney, and OK cells derived from opossum kidney. 



For the DNA that codes for the OATl organic anion transporter, for example, cDNA 
having a base sequence represented by Sequence Nos. 1 and 2 may be used, but this is 
not limited to the above cDNA sequence, and it is possible to design DNA corresponding 
to. the amino acid sequence and use it as the DNA that codes for the polypeptide. In that 
case, some 1-6 codons that code for single amino acids are known, and selection of the 
codons to be used may be arbitrary, but it is possible to design a sequence with an even 
higher expression efficiency by taking into consideration the codon usage frequency of 
the host used for expression. DNA having a designed base sequence can be obtained by 
chemical synthesis of DNA, fragmentation and ligation of the cDNA described above, or 
partial modification of the base sequence. Intentional partial modification of the base 
sequence and introduction of mutations can be performed by site specific mutagenesis 
(Mark, D. F. et al.. Proceedings of National Academy of Sciences, Vol. 81, 1984, pp. 
5662-5666) using a primer comprising a synthetic oligonucleotide that codes for the ^ 
desired modification. 

Nucleotides (oligonucleotides and polynucleotides) hybridized under stringent conditions 
with the inventive organic anion transporter gene can be used as probes to detect the 
organic anion transporter gene, and they can be used as antisense oligonucleotides, and 
ribozymes and decoys to modify expression of the organic anion transporter gene. For 
example, nucleotides containing a partial sequence of 14 or more conventional, 
continuous bases in the base sequences%presented by Sequence Nos. 1 and 2 or their 
complementary sequences may be used as this kind of nucleotide, and in order to make 
hybridization more specific, a longer sequence, for example, a sequence of 20 or more, or 
even 30 or more bases can be used as the partial sequence. 

An antibody to the inventive organic anion transporter can be obtained by using the 
transporter or a polypeptide having immunological equivalence, and the antibody can be 
used to detect and purify the organic anion transporter. The antibody can be prepared by 
using the inventive organic anion transporter, a fragment of it, or a synthetic peptide 
having a partial sequence of it as the antigen. Polyclonal antibodies can be prepared by 
conventional methods in which a host animal (a rat or rabbit, for example) is inoculated 
with antigen and the immunoserum is collected. Monoclonal antibodies can be prepared 
by conventional techniques such as the use of hybridomas. 

The present invention is described in greater detail below through examples but the 
present invention is not limited to these examples. 

In the following examples, unless a procedure is specifically described otherwise, the 
method described in "Molecular Cloning" (Sambrook, J., Fritsch, E. F., and Maniatis, T., 
Cold Spring Harbor Laboratory Press, 1989) was used and when commercial reagents 
and kits were used, they were used in accordance with the instructions provided with the 
product. 

EXAMPLES 

Example 1: Cloning of Rat Organic Anion Transporter 



(1) Isolation of Rat Dicarboxylate Transporter cDNA and Preparation of cRNA 

A cDNA library was prepared from rat poly(A)"^ RNA using a cDNA synthesis kit 
(Superscript Choice System, Gibco) and inserted at the EcoR I cleavage sites of lambda- 
Ziplox (Gibco) phage vectors. Using PGR a segment of the rabbit sodium-dependent 
dicarboxylate transporter NaDC-1 gene (Pajor, et al., J. Biol. Chem., Vol. 270, pg. 5779, 
1995) corresponding to bases 1323-1736 was labeled with ^^P-dCTP, and this was used 
as a probe for screening of the rat cDNA library. Hybridization was performed overnight 
in a hybridization solution at 37''C, and the filter film was rinsed with 0.1xSSC/0.1%SDS 
at 37°C. A solution buffered at pH 6.5 that contained 5xSSC, 3x Denhard's solution, 
0.2% SDS, 10% dextran sulfate, 50% formamide, 0.01% Antifoam B (Sigma) (an 
antifoaming agent), 01.2 mg/mL salmon sperm modified DNA, 2.5 mM sodium 
pyrophosphate, and 25 mM MES was used for the hybridization solution. The cDNA 
fragments incorporated into the lambda Ziplox phage were inserted into a pZLl plasmid 
and subcloned to a pBluescript II SK- (Stratagene) plasmid for determination of the base 
sequence. 

cRNA (RNA complementary to cDNA) was prepared using T7 RNA polymerase from 
the plasmid containing the cDNA of the rat dicarboxylate transporter obtained in the 
above manner. 

Following the method of Kanai et al. (Kanai and Hediger, Nature, Vol. 360, 1992, pp. 
467-471), the cRNA was injected into the ova of Xenopus laevis and an uptake test was 
performed on these ova using glutarate as the substrate. In the test a radioactively labeled 
substrate (''^C-glutarate) was used. To investigate the effect of sodium ions, a solution 
containing 96 mM NaCl, 2 mM KCl, 1.8 mM CaCl2, 1 mM MgC2 and 5 mM HEPES (pH 
7.4) was used. To investigate the effect of choline chloride, a solution containing 96 mM 
choline chloride, 2 mM KCl, 1.8 mM CaCb, 1 mM MgCt and 5 mM HEPES (pH 7.4) 
was used. To this solution ^"^C-glutaric acid was added to a concentration of 1 mM. Ova 
not injected with RNA were used as controls. 

Figure 1 shows the results of this test. As can be clearly seen from Fig. 1, in the choline 
chloride uptake solution, no uptake of glutarate in either the ova injected with the cRNA 
of rNaDC-1 or the controls was found. On the other hand, in the sodium uptake solution, 
a pronounced uptake of glutarate was found in ova injected with the cRNA of rNaDC-1. 
More specifically, this demonstrates that glutarate uptake is sodium dependent and it 
confirms that the cloned cDNA is the rat dicarboxylate transporter gene. 

(2) Cloning of the Rat Kidney Organic Anion Transporter OATl 

Following the method of Kanai et al. (Kanai and Hediger, Nature, Vol. 360, 1992, pp. 
467-471), the cloning of the rat kidney organic anion transporter was performed by 
expression cloning as described below. 

400 |ig fractions of rat kidney poly(A)"^ RNA was isolated by gel electrophoresis. 



Each fraction was injected into ova together with the cRNA of the rat dicarboxylate 
transporter obtained in Step (1) above. The ova had been preincubated for 2 hr in sodium 
uptake solution (96 mM NaCl, 2 mM KCl, 1.8 mM CaCh, 1 mM MgC2 and 5 mM 
HEPES, pH 7.4) containing 1 mM glutarate as the substrate. 

Following the method of Kanai et al. (Kanai and Hediger, Nature, Vol. 360, 1992, pp. 
467-471), the substrate uptake test described below was performed on the ova injected 
with RNA using PAH as tiie substrate. TTie ova were incubated for 1 hr in sodium uptake 
solution that contained '"^C-PAH (50 ^M) as the substrate but did not contain glutarate, 
and the uptake rate of the substrate was measured by counting the radioactivity taken into 
the cells. As shown in Figure 2, in this system no uptake of PAH was found in ova 
injected only with rat kidney poly(A)* RNA (mRNA), whereas uptake of PAH was 
observed in ova injected with both rat kidney poly(A)'^ RNA and rat dicarboxylate 
transporter cRNA. Ova that were not injected with RNA were used as controls. 

The fraction that showed die highest PAH uptake rate in the ova injected with RNA was 
selected from among the RNA fractions that had been obtained. From die poly(A)'^ RNA 
(1.8-2.4 kb) of this fraction a cDNA library was prepared using cDNA synthesis and a 
plasmid cloning kit (Superscript Plasmid System, Gibco). These fragments of DNA were 
inserted at the SAL I and Not I recognition sites of the pSPORTl plasmid (Gibco), and 
the recombinant plasmid DNA was introduced into E. coli DHIOB competent cells 
(Electro Max DHIOB Competent cells, Gibco). The transformants were cultured on 
nitrocellulose films and approximately 500 colonies/plate were obtained. Plasmid DNA 
was prepared from these colonies, and the DNA was cleaved by the restriction enzyme 
Not I. Capped cRNA was synthesized from this DNA by in vitro ti-anscription. 

The cRNA (approx. 10 ng) was injected into ova together with the cRNA (2 ng) of the rat 
dicarboxylate transporter obtained in Step (1) above. Screening of the ova for positive 
clones was performed using the PAH uptake test in the same manner as described above. 
In the screening process, groups containing DNA extracted from multiple clones was 
investigated, and if PAH uptake was verified in a particular group, multiple subgroups 
were formed from that group and further screening was performed. 

As a result of screening, 1 positive clone (a clone in which subsfrate uptake was found in 
ova injected with cRNA) was isolated from 8000 clones. 

For this clone, i.e., the clone containing the cDNA of the rat dicarboxylate transporter 
OAT 1, the base sequence of the cDNA was determined by the dideoxy method using a 
deletion clone preparation kit for determining base sequences (Kilo-Sequense Deletion 
kit, Takara Shuzo), a synthetic primer, and a sequence determination kit (Sequenase ver. 
2.0, Amersham). 

By this method, the cDNA base sequence of the rat dicarboxylate transporter OATl gene 
was obtained. The cDNA base sequence was analyzed by conventional methods and both 
the translating region of the cDNA and the amino acid sequence of OATl that it codes 



for were determined. These sequences are represented by Sequence No. 1 in the 
sequence table below. 

As shown in Figure 3, an analysis of the amino acid sequence of OATl by hydrophobic 
plotting (Kyle-Doolittle hydropathy analysis) predicted 12 membrane-spanning domains. 
In addition, a site with 5 glycosides attached was predicted to be the initial hydrophilic 
loop. There were also 4 sites thought to be protein kinase C-dependent phosphorylation 
sites in the hydrophilic loops of transmembrane domains 6 and 7. 

(3) Expression of the OATl Gene in Various Tissues (Analysis by Northern Blotting) 

The cDNA of the rat OATl gene was labeled over its entire length with ^¥-dCTP, and 
using this as a probe Northern blotting was performed in the manner described below on 
RNA extracted from various rat tissues. Electrophoresis was performed on 3 |ig of 
poly(A)"^ RNA in 1% agarose-formaldehyde gel, and transfer was made to a 
nitrocellulose filter. This filter was hybridized overnight at 42''C in the hybridization 
solution that contained OATl cDNA that had been labeled over its entire length with 
dCTP. The filter was rinsed with O.lxSSC containing 0.1% SDS at eS^'C. 

As shown in Figure 4, Northern blotting revealed that in kidney tissue 2 bands were 
detected, one in the vicinity of 2.4 kb and the other corresponding to 3.9 kb to 4.2 kb, 
thereby confirming expression. The amount of expressed OATl mRNA was large in the 
cortex and the outer medulla but small in the inner medulla. 

In addition, a faint band with long-term photosensitivity was detected in brain tissue in 
the vicinity of 2.4 kb, but bands were not detected in any of the other tissues and no 
expression was found. 

(4) Expression of OATl Gene in Kidney Tissue (Analysis by In situ Hybridization) 

In situ hybridization was performed as follows. After rat kidney tissue was fixed by 
perfusion with 4% paraformaldehyde, it was diced and further fixed in 4% 
paraformaldehyde. The rat kidney tissue was then thin-sectioned at 5 jim, and in situ 
hybridization was performed on the sections. 

Using T7 and T3 RNA polymerase, ^^S-labeled sense cRNA and antisense cRNA were 
synthesized from the entire length of the OATl cDNA and used as probes. Hybridization 
in the sections was performed overnight in the hybridization solution, and the sections 
were rinsed with Ol.xSSC for 30 min at 37**C. 

In situ hybridization revealed that in rat kidney OATl mRNA is expressed in the cortex 
and outer medulla of the kidney, and particularly in the medullary ray tissue. This 
finding demonstrates that the organic anion transporter OATl is most often expressed in 
the intermediate portions of the proximal tubule. 

Example 2 Characterizing the Organic Anion Transporter OATl 



(1) 



Effect of Glutarate on Organic Anion Transporter OATl Transport Activity 



The effect of glutarate and preincubation was investigated in a PAH uptake test in ova 
injected with rat OATl gene cRNA. 

The PAH uptake test was performed as follows in accordance with the method described 
in Example 1 (2) above. Ova injected with rat OATl gene cRNA or rat OATl gene 
cRNA and rat NaDC-1 cRNA were incubated for 2 hr in a sodium uptake solution that 
either did or did not contain 1 mM glutarate. Then ^"^C-PAH was added and, after the 
cells were incubated for 1 hr at room temperature, uptake of the radioactively labeled 
substrate was measured. 

As shown in Figure 5, PAH uptake was increased in ova that had pretreated with 1 mM 
glutarate. When ova expressing both rat dicarboxylate transporter and OATl were 
pretreated with glutarate, the ^"^C-PAH uptake was increased even further. The effect of 
glutarate demonstrated in these results shows that PAH uptake is dependent on the 
intracellular concentration of dicarboxylate, and it appears that OATl is an exchange 
transporter for organic anions and dicarboxylates. Ova that had not been injected with 
RNA were used as controls. 

(2) Chloride Dependency of OATl Transport Activity 

The effect of chloride added to the liquid culture medium was investigated in a PAH 
uptake test in ova injected with rat OATl gene cRNA. 

The PAH uptake test was performed in accordance with Step (1) above using ova injected 
with rat OATl gene cRNA. However, when looking at the effect of the addition of 
choline chloride as the chloride ion added to the uptake solution, a choline chloride 
uptake solution identical to that used in Example 1(1) above was used in place of the 
sodium uptake solution. 

As shown in Figure 6, when choline was substituted for the extracellular sodium, no 
effect on PAH whatsoever was found. This finding demonstrated that OATl is a 
transporter that is not dependent on sodium ions for activity. Ova that had not been 
injected with RNA were used as controls. 

(3) Michaelis-Menten Kinetics Experiment with OATl 

A Michaelis-Menten kinetics experiment on the organic anion transporter was performed 
by investigating changes in PAH uptake rate compared with changes in concentration of 
the PAH substrate. 

The PAH uptake test was conducted in accordance with the method described in Step (1) 
above using ova that had been injected with rat OATl gene cRNA. However, the ^"^C- 
PAH uptake was measured for 3 min. As shown in Figure 7, the value was approx. 



14.3±2.9 |LiM. This Km value was about the same as the Km value (80 fiM) of the basal 
organic anion transport system that had already been reported for the in vivo system 
(Ulrich et al.. Am. J. Physiol. Vol. 254, 1988, pp. F453-462). 

(4) Substrate Selectivity of OATl (Test of Inhibition by Addition of Drug) 

The effect of addition of various families of drugs was investigated in a PAH uptake test 
in ova injected with rat OATl gene cRNA. 

< The PAH uptake test was conducted in accordance with the method described in Step (1) 
above using ova that had been injected with rat OATl gene cRNA. However, PAH 
uptake was measured using the sodium uptake solution in the presence or absence 
(control) of 2 mM of various compounds (unlabeled). 

As shown in Figure 8, cis-inhibition was observed with the addition of structurally 
xmrelated drugs. Cephaloridine (p-lactam antibiotic), nalidixic acid (old quinolone), 
fiirosemide and ethacrynic acid (diuretics), indomethacin (NSAID), probenecid 
(uricosuric), and valproic acid (antiepileptic) strongly inhibited (85%>) the OAT-1 
mediated uptake of PAH. The antitumor drug methotrexate moderately inhibited PAH 
uptake. Endogenous substances such as prostaglandin E2, c-AMP, c-GMP, and uric acid 
also inhibited PAH uptake. 

(5) Substrate Selectivity of OATl (Uptake Test Using Various Anionic Substances as 
Substrates) 

Uptake by OATl was investigated using various anionic substances as substrates. 

The uptake tests were conducted in accordance with the method described in Step (1) 
above using ova that had been injected with rat OATl gene cRNA. However, in place of 
the C-PAH substrate, various radioactively labeled substances were used. Ova that had 
not been injected with RNA were used as controls. 

As shown in Figure 9, when methotrexate (^H labeled), c-AMP (^H labeled), c-GMP (^H 
labeled), prostaglandin E2 (^H labeled), uric acid (^"^C labeled), and a-ketoglutaric acid 
( C labeled) were used as substrates, uptake in the ova was observed. On the other hand, 
no uptake was found with TEA (^"^C labeled) and taurocholic acid. 

Example 3 Cloning of Human Organic Anion Transporter 

Fragments of rat OATl gene cDNA obtained in Example 1 (2) were labeled and used as 
probes in screening of a human cDNA library. A human cDNA library prepared using 
human kidney poly(A)^ RNA (produced by Clone-Tech?) was used as the gene source 
for the human cDNA library. 

For the positive clones that were obtained, i.e., clones containing the human organic 
anion transporter (human OATl) cDNA, the base sequence was determined in the same 



manner as in Example 1, the base sequence of the cDNA was analyzed by conventional 
methods, and the amino acid sequence of human OATl coded for by the translating 
region of the cDNA was determined. The human OATl sequences are shown in 
Sequence No. 2 of the sequence table below. 

Homology between rat OATl and human OATl by amino acid label was approx. 85%. 
Homology by cDNA label was approx. 79%. 

Industrial Applicability 

The inventive organic anion transporter OATl and its gene appears to be useful in 
clarifying drug kinetics and toxin kinetics on a molecular level through in vitro analysis 
of drag elimination and drug-drag interaction and the like. Most of the drags that cause 
renal failure such as |3-lactam antibiotics, diuretics and NS AIDs are transported by 
OATl, and it appears that it will be possible to develop a method using OATl to screen 
drags to prevent nephrotoxicity because our findings suggest that drags cause 
nephrotoxicity due to accumulation brought about by OATl. 
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sequences derived therefrom by deletion, substitution or addition of one or more amino acid residues; and a gene coding for the protein. The 
protein and gene therefor are useful for in vitro analysis of drug release and drug-drug interactions and development of methods for 
screening drugs useful for preventing nephrotoxicity. 



nmm^ i ^ 2 t^t^ ^ n s r ^ y mmm. ^ tz itmmm^ 1 ^ tz 



AM r/u>-r 

AT ::t-:^h})T 

AU :i—:^hyUr 

A Z T-^/U>'<-r v?"^ V 

B A jHX^T • j^=l t'-f 

B B 

B E ^/U^— 

BF -if/i^i^i- * yry 

B G y/v:*f y T 

B J '<"^>' 

BR 7 i^Ji^ 

BY '<7>'^— -> 

CA ;fr:fi5^ 

CF «l>*T7y* 

CG 3V=f— 

CH 

CI K v^3^^T— 

CM tii^i\^—> 

CN «fg 
CU 

CY ^rnj^ 

C2 f^i^ya 

DE 

DK 

EE 

E s >- 



F I 
FR 
GA 
GB 
CD 
GE 
GH 
GM 
GN 
GW 
GR 
HR 
HU 
I D 
1 E 
I t 
I S 
I T 
J P 
KE 
KG 
KP 
KR 
K2 
LC 
L I 
LK 



LR 
LS 
LT 
LU 
LV 
MC 
MD 
MG 
MK 

ML 
MN 
MR 
MW 
MX 
NE 
NL 
NO 
NZ 
PL 
PT 
RO 
RU 
SD 
SB 
SG 
S I 



7 h^^r 

^y 



SK 7.u^-r^T 

s L v'=.7 • 

SN. "&:^s;«f/V, 

sz ;^7':/7>'K 

TD ^^-K 

TG h-=f- 

Tj 

UA !>^7>rr 

UG 

us 

UZ ^X^^y.^)^ 

VN !yw':iih-rA 

YU i-=*-;?^7fr 

ZW ^yU/^zfx. 



wo 98/53064 



PCT/JP98/02171 



m m m 

5 ^m^m 
nmmm 

mm^m^ta^^m^^tzmmz^^m^^nx^tzo z0m^(Dfpx. 
-■tyhvti)]y^^ym(D^m^mmz.i.'Dx^^n^h^7L(^nx%tzo 

- ^ -® ii^E^ ^^.mx^xum tmmmm ^m^iht^^hi^mi^nx 
25 mm,x%M,hx\^^mmm^iryv'7y7.if--^-MB.i-\z-D\\x\±. 



1 



wo 98/53064 



PCT/JP98/02171 



M^a)^^kd^*^:7o~->^$nTV>S(Hagenbuch^. Proc. Natl. 
Acad. Sci. USAx 1188^^ 10629Mn 1991^ ; Jacqueminf>s Proc. Natl. 
Acad. Sci. USA. ^91#. 133M^ 1994^)o ^tc,. mBi^XXfmBlZ^ 
Mt^MW^^ty h^>;^^— ^-®-oT*$)SOCT iCDiife^i^ 
5 D-rl>^^^^^n■rv^(Gpundelnann^^ Nature. ^372^. 549Ms 

1994^ )o 

^^i^ti)]/-^^ym V ^ >y^5t?-i$'-(N a D C - 1 )(DMii.^^ X2--y 
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15 c:oOAT-Kl{cov^■t{±^ ^<Dli^?^^mA^\ > 

J; 5 ^1) ©T'fe § ^1 {Mll^nT V> ^ V> o 
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EI7{i7'y hOAT lJt^5^cRNA<£r±AL'/i§|3MflS{::J;5PAH 

©m^)]a^^^^i^^c:feV^T^MPAH0^iJt®^#§ll-<;^c^^^/T^'rEI 
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15 Cloning) ifiz X ^ t^Mizmmr^ ^ S o 
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t)s OAT l®mRNA>&iii|g-e^5o CCD^ilS^nfemRNAS^ ttc. 
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^i^E^ (DcD N A ^^tf ^ P - > ^ff €. C ^ :i{^-e ^ S o 
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\\ y^)]/^~mit^ 3 7°C"t?0. 1 xSSC/O. l%SDSTi5fe#b 
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Ziplox7T->^tcM3i^nfccDNAgP^^&s ^M^iJ^^CDfei^tC. 
7*5 ;^ ^ Kp Z L 1 icMo^iio^^ ^ ^ (C ;^ ^ h*pB luescript I I S K 
- ( S tratagenettM ) y ^ P - b o 
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m^ntzcRl^A^, ^#^©75f^&(Kanai and Hediger> Nature> m 
mm. ^467-471M. 1992^)(ci|lUT, ry ^) ti^^ >^iJji)V(omMmm 

IsbCDi- h U ^A(Dm<0 7h^mm{ 9 6mM ^^bt- h 'J '^7A, 2mM i^^hij 
•;'>Av 1 . 8mM ^'(b:^;i/S^e7A, ImM ^'fbv^;^$/e7A. 5mM H 
EPES^ PH7.4). M^t:D^}>-(:t>(DBm^m^^tzlsb(Dmt:J U 
>m<0 7h^mm9 6mM mt:nV>, 2mM i^itti V ^ A, 1. 8mM ^ 
ittDli^^A. ImM J^lb^^^e/ii^A. 5mMHEPES> pH 7 . 4 ) 

c:n^(3i4c-^;v^;i/^^ imMmmxmmLxm.mmt\^tco 

^^?S-e(irNaDC- 1 (DcRN A^vtAbfe|i|3S«i:3 > hD-;i/ 
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h U e7AmD3i5^^rt-r-{±rNaDC- l®cRNA>£riAbfe 

9P©«^34^H^T^bv^^;^^;^@tcDmb3i^^5^)^■Eto^,tlfeo -r^iDt* 

-^>^b:fecDN A^5 >y h i;:^;i/Jt?>^Jg h 5 >;^;J<~^-jtfe^CD 

® ^ S :i h t: ^ o 

^#^®^^(Kanai and Hediger^ Nature^ ||360#^ ^467-471M^ 
1992^){cmbT^ ^JI^o-->yi£lCcJ;DJ-:^TOcfca{cbTffo;^c:o 
^;i/mmi&l3J:f3^^)/ h^lli^U(A)*RNA 4 0 0 jug^^mi^tzo 
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fb•:^^U'>^, im.WG-n^)'^!^. l.SmM JSi^b*;!/^^?^. ImM 
^-fhT^;?. 5/«>A, 5mM HEPES> pH 7 . 4 )cti{cT^A?> 2 Bt^lui§ 

BDlt)3i^^^^^^^e)®;^^(Kanai and Hediger^ Nature. ^360^. ^ 
467-471Mx 1992^)icipb-Cx felTO J;^ UTff o;^co SKhUT*'' 
C-PAH( 5 0/^M)^^^i7;^^;^^<£^S^V^:^ h U ^h^K>^i}^H 

C®l^{3:feV^■r^ ^'i/ hWl!i®^U(A)^RNA(mRNA);^lt^Y±Ab 

^^ctt>\ ^'3/ hi^;^;i/^">^^h^>;^:^*— ^-cDcRNA 

CD^^^=£aAbfe§PMBST"{*^ PAHcomt)3i.J^A{ime>nJ&:*^-p;fe®(C 

^bTs "7 -J hW)!i®^U(A)^RNAi:^^y h 5^*f;i/5^">^^ h v 
;}^- ^ c R N A CD >&r±A b felpiS»-e P A H ODm 
4&e)nsc:i::&5il^bfeo hD-;i/lc{iRNA<£t±Ab^VN0Silffl 

^iSCi j; D f# ^ nfe=& R N A lii^® 9 1. R N A v±A \^fz%mmW. 
g*i§V^P AHO^03i<5^^^^bfeii^^MiRbfco c©ia^<3D^i; 

(A)"^RNA( 1. 8~2.4kb)(::ov>-t. cD N A^^iJ J:r>'r^;^ ^ 
K^n-- >i7'ffi^'y h(^fi5S : Superscript Plasmid Systein> 

ttM)^^fflb-C. cDNA®^>r:/^U~^#^bfco c:ne>DNA{i 

7-7 ;^ ^ Kp S P 0 R T 1 ( =^y=:4±M)®$iji©^^ Sal I i^cttJ? Not I U 
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B^*®zi >lf x> h-fe;K^£S^ : Electro Max DHIOB Competent celU 

f#^nfecRNA($^l Ong)<^s ±iB( 1 h i^?!3;i':^>^Jl 

10 S«(300T, luiBillpIlitCbTs PAHcomDii-J^^i^^fTaci: 
^l^o^p->*^^tt/ilbfeDNA^7-;i/bfe^*;i/-r{3ov> 

15 .. ';-ii>^'(D^^. 8 0 0 OM0^D->;?)^ii) looDllti^D — 

> ( c R N A ^ A b ^Mom D 52^^^;^ ^ n S ^ D - > ) 

-OAT l©cDNA^^ifi^D->iCOl^T> ^*i2?!Ji*^CDfeA&©:5i: 
20 ^^ u-yi^m^^if h(®5a^ : Kilo-Sequense Deletion Kit. ^pjg 
^±M)s ^^7'^>f x'-. Jt*iB^iM^ffl:3F-^> h(fS5SS : Sequenase 
ver.2.0. T'^i^^' A^tm^.m^XV^ v't^i^mzX^) . cDNACD^ 

25 <DcT>NA<Dmmmwm^titzo ttz. cDNAcom^Rn^nmiizx 
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j^7jcl47°D >y h(Kyte-Doo little hydropathy analysis)}^ J: t)x OA 
5 Maifl^(membrane-spannlng domains)*s^?HiJ^nfeo 

^^(transmembrane domains)®i^7K^®;i/— 7'{3 7°D5^^ >^i-—^C 

10 xmm) 

7>y hOAT l3tfe^©^:gcDNA^32p_dCTPT-^^;i/U ^ 
fl^ru-y tl^xm^X. ^ >y h(DlI^cDmi^55pe)J4aibfeRNA(c 

(A)^RNA^ l%r:^jD-^/ 4^;i/AT;i/7^t: Ky;i/-em^r7lcijbfe 

^-^A 2X1:. ^^P-dCTPT'^^;Hyfe^:M®OAT IcDNA^fe^ 
7^';i/^-^. 6 5''C^CT^ 0. l%SDS<£^tfO. IxSSCT'iJfe?^ 
20 7-if >7'D7"^ >^^'©M^. l214(c^N-rJ:d(c. ^Ei3*jVNT> 2. 

>{>Ji;i6^nfeo ^EtDJ^MililM^e-riiOAT 1 mRNAcD^^MAJ 
^^iC;l^P^CD^)tT% )j^^Ci5.V^T2.4kb^t?fic^33(p■r>^)^55i>'^'> K^Jj^ti^ 

25 ^tl^nfc*s^ €®ffeomMT-{i>'N*>K{±i^m^n-r^ %mmmiontii 
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In situ A^:/u^W€--i>3>^JilT®J;9{cfTo;feo ttalo^b, 

hWlii<£5//m(Z)Jp^C3^tOU in situ )\ 

^:1<D0AT lcDNA>?P^. T 7 * b < ttT 3 R N A^l^ U ^ ^— If ^ 

bs 7-D-^i:bTfflV^feo ^it&>'^>r >^';i5^^-t?-i/3>ytT'-^r 
D-:/T-A-r ^V-lf~^'3 >^^f^l\ 0. 1 X S S CT-3 0:^^ 3 
7''C{CT^5fe#bfeo 

^ V In situ >'N'l':/';y-f€-i/3>®M^, hWHTiix OAT 1 

fflR N A j,mmcDj^n tmm^Ms ^i^z&nommno^u^T^m.'r ^ a 

<^^i^t^^c^^^^b■rv^2.o 

. mmm2 wm^;t>h^>x:^--^-oATi(>D#m-i?{t 

( 1 )OAT lO!if3irS<4{ci5{t5^;i/^;i/^<D^W 

^-j hOAT l?i1'E^cRNA^Y±Abfe|il3SM(CJ;2,PAHCD^D 

fee 

cfc^tcfrofeo -r^fe^^T^s "7^)/ hOAT lJife^cRNA^feb<{±s ^ »y 
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hOAT IMiE^cRNA^:^^ h N a D C- 1 cRN A^riAbfelPS 

m^i:2 mmmi^m vtz^t. ^"c-pah^^adut mu-^ i mmmm 
(D^mizn< ^n^^)i^ )m(D^mii±. p a h m o ^^^(Dmmi^ * ;v 

4-:>^^iJg^?^t4^r^bT*^!3^ OAT lAsW^T-;r>i:i^*;i/*?> 

( 2 ) 0 A T 1 (Dmmm\^(Di^i^W^ 
^-j hOAT l?lfE^cRNA^t±Ab^c|iI3S«t3d:SPAH®mD 

PAH(D^t)aa^^l^(i> ^'3/ hOAT lii<E^cRNA<£r4Abfe^ 

tuHB( l)iB«6;^v4Jci^bT^j!febfeo -flb^ m<93i^?§ 
^hbTJg^b3U>>f:t>&»bfeJi^®^#5^^^5^^tc{i, 

■C*)s PAHSl^3i5^*^JcM^^#*4-;^:fe3iPofeo «I©Ci:A>f)s OA 

^N^nfeo 33> ^^-;^^c{iRNA^&^Ab*v^|l|3Si||||S^fflv^feo 
(3)0 AT l<3D^;!jxiJ;^-^>7^>®i!j;f3^|i:i^ 
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P A H ©ii^® 5S V ^ tC J: P A H (7)^ «9 ji^^^® ^'(b ^ Bi^ -5 d 

PAH®mD?i^^i^{i^ "y-JVOM l?lfE^cRNA^r±Abfe|i|3 
MMU^m\^\ m^{\)BWL<Dlim^^\^xmMLrzo \Q\^s ^^C-PA 

1 4 . 3 ± 2 . 9 //MTfeofeo Z..0Kmim±. m^m vivo mT'?B^^ 
nTV^6i^ia^|lJ®WMT-:t> h-7>y;j}<- M^CDKnrffi(80>aM)(Ulrich 
^ ^> Am. J. Physiol. ^254^. F453-462Mn \m^)hm^n%-^^-o 

^^y hOAT litfE^cRNA^YiAbfe|i|3SiHflS{Cct§PAH®mt) 
I PAH®mt)ji^^m> ^^^^ hOAT Ijife^cRNA^riAbfelP 

T(i3> hD--;i')T% PAH0mD32.^^^^<£il^bfeo 

>'^';^7•D^(^n;T^;&^^^){iOAT- 1 ^ifYLtzF AE(Dm^jl^ 

^^<mmiyrc{8 5%»o iKmrnm-x^)^^ h hw^-fe-hfiPAH 
(DWLKijio^^^wmzmmLrzo 7'D;^^^*5>i;>E2> c-amp. 
c-GMPx mmt\^^'Dtc\Hm^^t^'^'h? AEom^Th^^m^Ltzo 
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( 5 ) 0 A T 1 (D&nmnm^mm^ ;t >\^^n^&n tt^m.^ jl^u 

^MI^J 1®( 2)lCTf#;fe^^)/ h OAT ljti5^©cDNAirM-^^il^U 

RNA(^o>5^l^;a:ii)>&fflV^T{«tfct hcD N A^-f ij -^ffi 

4<-^-(b hOAT l.)cDNA^^tf^^->tcoV^T, Ilii^^iJ 1 i: |^ 
^t-bTs ^«i2?iJ^^^U #6nfecDNA(D^*iH?iJ^1t^l;J;») 
g?*ffbTs cDNA±0l^|R^I^^^c:lC3-K^n§b hOAT 1©T 

^^vhOATl^bhOATl ha)j^^Dy— T^>'^U^;i/-e 
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ttii^^<(Dmmi^s OAT ucj;o7:iii»?ii^ti^ mwmm'(^-^^\^ 

10 OAT l^ffiV^TK*'l4^B$±■r^(D/r<»©^tl^X^^;-^> 
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m m m. 

m^m^ : 1 

lE^J^S^ : 2294 

m,m<Dm : mm 

mmomm. cdna to mRNA 

GCTCCAGCAG ACCCTGAAAG CTGAGCTGTC CAGACCCCCG AAGTGAAGAA AAGAGGCGAG 60 
GGCAAGGGAG GGCCAGAACC GAGGGAGAGA GAAAGGAGGG GCAGCCCACC AGCCCGCTGT 120 
CCTGCCACAG AACCGGCTCA GCTCCAGCTC CAGGAGTCAC TCAGCTGCAG AGGCAGTGGC 180 
AGCCCCACTC CTCAGGCAAA 66GCAGCAGA CAGACAGACA GAGGTCCTAG GACTGGAGGT 240 
CCTCAGTCAT TGACCACTCA GCCTGGCCCA GCCCC 275 
ATG GCC TTC AAT GAC CTC CTG AAA GAG GTG 6GG GGC GTC GGA CGC 320 
Met Ala Phe Asn Asp Leu Leu Lys Gin Val Gly Gly Val Gly Arg 
1 5 10 15 

TTC CAG no ATC CAG GTC ACC ATG GTG GTT GCT CCC CTA CTG CTG 365 
Phe Gin Leu He Gin Val Thr Met Val Val Ala Pro Leu Leu Leu 

20 25 30 " 

ATG GCT TCC CAC AAC ACC TTG CAG AAC TTC ACT GCC GCT ATC CCC 410 
Met Ala Ser His Asn Thr Leu Gin Asn Phe Thr Ala Ala He Pro 

35 40 45 
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CCT CAT CAC TGC CGC CCA CCT GCC AAT GCC AAT CTC AGC AAA GAT 455 
Pro His His Cys Arg Pro Pro Ala Asn Ala Asn Leu Ser Lys Asp 
50 55 60 

- GGA GGT CTG GAG GCC TGG CTG CCC CT6 GAC AA6 CAA GGA CAA CCC 500 
Gly Gly Leu Glu Ala Trp Leu Pro Leu Asp Lys Gin Gly Gin Pro 
65 70 75 

GAA TCG TGC CTC CGC TTT ACT TCC CCC CAG TGG GGA CCA CCC TTT 545 
Glu Ser Cys Leu Arg Phe Thr Ser Pro Gin Trp Gly Pro Pro Phe 
80 85 90 

TAC AAT G6C ACA GAA GCC AAT GGC ACC A6A GTC ACA GAG CCC TGC 590 
Tyr Asn Gly Thr Glu Ala Asn Gly Thr Arg Val Thr Glu Pro Cys 
95 100 105 

ATT GAT GGC TGG GTC TAT GAC AAC AGC ACC TTC CCT TCA ACC ATC 635 
aie Asp Gly Trp Val Tyr Asp Asn Ser Thr Phe Pro Ser Thr He 
110 115 120 

6TG ACT GAG TGG AAC CTT GT6 TGC TCT CAT CGG GCT TTC CGC CAG 680 
Val Thr Glu Trp Asn Leu Val Cys Ser His Arg Ala Phe Arg Gin 
125 130 135 

CTG GCC CAG TCC CTG TAC ATG GTG GGA GTG CTG CTG GGA GCC AT6 725 
Leu Ala Gin Ser Leu Tyr Met Val Gly Val Leu Leu Gly Ala Met 
140 145 150 

GTG TTT GGC TAC CTG GCG GAC AGG CTG GGC CGC CGG AAG GTG CTG 770 
Val Phe Gly Tyr Leu Ala Asp Arg Leu Gly Arg Arg Lys Val Leu 
155 160 165 
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ATC TTG 
He Leu 

TAT GCA 
Tyr Ala 

GGC ATG 
Gly Met 

GTG GAA 
Val Glu 

ATT GGC 
He Gly 

GCC TAT 
Ala Tyr 

GTG CCT 
Val Pro 

TCA GCC 
Ser Ala 



AAC TAG CTG 
Asn Tyr Leu 
170 

CCC AAC TAT 
Pro Asn Tyr 
185 

TCT TTG GCT 
Ser Leu Ala 
200 

TGG ATG CCT 
Trp Met Pro 
215 

TAT GTC TAC 
Tyr Val Tyr 
230 

GCT GTG CCC 
Ala Val Pro 
245 

TTT TTC ATT 

Phe Phe He 
260 

CGC TGG TAC 
Arg Trp Tyr 
275 



CAG ACA 
Gin Thr 

ACT GTC 
Thr Val 

AGC ATT 
Ser He 

ATC CAC 
He His 

AGC CTG 
Ser Leu 

CAC TGG 
His Trp 

GCC TTC 

Ala Phe 

TCC TCC 
Ser Ser 



GCT GTG 
Ala Val 

TAC TGC 
Tyr Cys 

GCA ATC 
Ala He 

ACC CGT 
Thr Arg 

GGC CAG 
Gly Gin 

CGC CAC 
Arg His 

ATC TAC 

He Tyr 

TCA GGA 
Ser Gly 



TCG GGA ACC 
Ser Gly Thr 
175 

GTT TTC C6G 
Val Phe Arg 
190 

AAC TGC ATG 
Asn Cys Met 
205 

GCC TAT GTG 
Ala Tyr Val 
220 

TTC CTC CTG 
Phe Leu Leu 
235 

CTG CAG CTT 
Leu Gin Leu 
250 

TCT TGG TTC 
Ser Trp Phe 
^265 ' 
AGG CTG GAC 
Arg Leu Asp 
280 



TGT GCA GCC 
Cys Ala Ala 
180 

CTC CTC TCG 
Leu Leu Ser 
195 

ACA CTA AAT 
Thr Leu Asn 
210 

GGC ACC TTG 
Gly Thr Leu 
225 

GCT GGC ATC 
Ala Gly He 
240 

GTG GTC TCT 
Val Val Ser 
255 

TTC ATT GAG 
Phe He Glu 
270 

CTC ACC CTC 
Leu Thr Leu 
285 



815 



860 



905 



950 



995 



1040 



1085 



1130 
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CGA GCC 
Arg Ala 

GGG GCT 
Gly Ala 

GAA CTG 
Glu Leu 

CGC TGC 
Arg Cys 

TGG TXT 
Trp Phe 

CAG GGC 
Gin Gly 

GCC GTG 
Ala Val 

TCC m 
Ser Met 



CTG CAG AGA 
Leu Gin Arg 
290 

AAG CTA AGT 
Lys Leu Ser 
305 

ACT CTA AGC 
Thr Leu Ser 
320 

CCC ACC CTT 
Pro Thr Leu 

335 

GCC ACT AGC 
Ala Thr Ser 

350 

TTT GGG GTC 
Phe Gly Val 
365 

GAC CTG CCT 
Asp Leu Pro 

380 

GGG CGC CGG 
Gly Arg Arg 
395 



GTG GCC 
Val Ala 

ATA GAG 
He Glu 

AAA GGC 
Lys Gly 

CGA CAC 
Arg His 

TTT GCC 
Phe Ala 

AGC ATG 
Ser Met 

GCC AAG 
Ala Lys 

CCT GCA 
Pro Ala 



CGG ATC 
Arg lie 

GTG CTC 
Val Leu 

CAA GCC 
Gin Ala 

CTC TTC 
Leu Phe 

TAC TAG 
Tyr Tyr 

TAC CTT 
Tyr Leu 

TTT GTA 
Phe Val 

CAG ATG 
Gin Met 



AAT GGG AAA 
Asn Gly Lys 
295 

CGG ACC AGC 
Arg Thr Ser 
310 

TCA GCC ATG 
Ser Ala Met 

325 

CTC TGT CTC 
Leu Cys Leu 
340 

GGG CTG GTC 
Gly Leu Val 

355 

ATC CAG GTG 
He Gin Val 
370 

TGC TTC CTA 
Cys Phe Leu 
385 

GCC TCC CTG 
Ala Ser Leu 
400 



CAA GAA GAA 
Gin Glu Glu 
300 

CTG CAG AAG 
Leu Gin Lys 

315 

GAG CTG CTG 
Glu Leu Leu 

330 

TCC ATG CTG 
Ser Met Leu 
345 

ATG GAC CTG 
Met Asp Leu 
360 

ATT TTC GGT 
lie Phe Gly 
375 

GTC ATC AAC 
Val He Asn 
390 

CTG CTG GCA 
Leu Leu Ala 
405 



1175 



1220 



1265 



1310 



1355 



1400 



1445 



1490 
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GGC ATC TGC 
Gly lie Cys 

ATC ATT CGC 
He He Arg 

TCC TCT TTC 

Ser Ser Phe 

ACA GTG ATT 
Thr Val He 

CGG GTG GGC 
Arg Val Gly 

TTC TAC CCC 
Phe Tyr Pro 

GTC GCC AGT 
Val Ala Ser 

CCG CTG CCA 
Pro Leu Pro 



ATC CTG 
He Leu 
410 
ACC TCC 
Thr Ser 
425 
AAC TGC 
Asn Cys 
440 
CGG CAG 
Arg Gin 
455 
AGC ATT 
Ser He 
470 
TCC ATG 
Ser Met 
485 
GCT GTC 
Ala Val 
500 
GAT ACA 
Asp Thr 
515 



GTG AAT 
Val Asn 

CTG GCT 
Leu Ala 

ATC TTC 
He Phe 

ACA GGC 
Thr Gly 

GTG AGC 

Val Ser 

CCT CTC 
Pro Leu 

ACT GCC 
Thr Ala 

GTG CAG 
Val Gin 



GGC ATA 
Gly He 

GTG CTA 
Val Leu 

CTG TAC 
Leu Tyr 

CTG GGC 
Leu Gly 

CCG CTG 
Pro Leu 

TTC ATC 
Phe He 

CTG CTG 
Leu Leu 

GAC CTG 
Asp Leu 



ATA CCG 
He Pro 
415 

GGG AAG 
Gly Lys 
430 

ACC 6GA 
Thr Gly 
445 

ATG GGC 
Met Gly 
460 

GTG AGC 
Val Ser 
475 

TTC GGC 
Phe Gly 
490 

CCA GAG 
Pro Glu 
505 

AAG AGC 
Lys Ser 
520 



AAG AGC 
Lys Ser 

GGC TGC 
Gly Cys 

GAG CTG 
Glu Leu 

AGC ACC 
Ser Thr 

ATG ACT 

Met Thr 

GCT GTC 
Ala Val 

ACC TTG 
Thr Leu 

AGG AGC 
Arg Ser 



CAT ACG 
His Thr 

420 
CTG GCT 
Leu Ala 

435 
TAC CCC 
Tyr Pro 

450 
ATG GCC 
Met Ala 

465 
GCA GAG 
Ala Glu 

480 
CCT GTG 
Pro Val 

495 
GGC CAG 
Gly Gin 

510 
AGA GGA 
Arg Gly 

525 



1535 



1580 



1625 



1670 



1715 



1760 



1805 



1850 
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AAG CAG AAT CAA CAG CAG CAG GAA CA6 CAG AAG CAG AT6 ATG CCG 1895 
Lys Gin Asn Gin Gin Gin Gin Glu Gin Gin Lys Gin Met Met Pro 

530 535 540 

CTC CAG GCC TCA ACA CAA GAG AAG AAT GGA CTT 1928 
Leu Gin Ala Ser Thr Gin Glu Lys Asn Gly Leu 

545 550 551 

TGAGAACGGA AGGGCTTCAC ACAGCACTAA AGGGAGTGGG GTTCTACAGG TCCTGCCGTC 1988 
TACATGAGGA GGGGGAGTGA GTAGAGGGAC TGGACCATCC AAATGTGGAG GCT6CCATTC 2048 
AGAGAAATCC CTCCCCAAAG GTCATGTCAG TAGACCCACT AGGAACAAAA GCTCTGACTA 2108 
TGTGCAGCTT CTTAAGCAGA ATGTTCTCGT CACCGGCCAT CTTCCTGCTC ATGGTCACTC 2168 
CGCCACCTCC AGGACCTTGC AAAGAATCTC AGACAATTAA ATGAATCTCT TCTAAAAAAA 2228 
AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 2288 
AAAAAA 2294 

nm^n : 2 

iE^'J®S^ : 2171 

Mmom : mm 
mcom : =.:^m 

iB^J®MM : cDNA to mRNA 

mm 

»S : h h 

GAAAGCTGAG CTGCCCTGAC CCCCAAAGTG AGGAGAAGCT 6CAAGGGAAA AGGGAG6GAC 60 

AGATCAGGGA GACCGGGGAA GAAGGAGGAG CAGCCAAGGA GGCTGCTGTC CCCCCACAGA 120 

GCAGCTCGGA CTCAGCTCCC 6GAGCAACCC AGCTGCGGA6 GCAACG6CAG TGCTGCTCCT 180 
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CCAGCGAAGG ACAGCAGGCA GGCAGACAGA CAGAGGTCCT GGGACTGGAA GGCCTCAGCC 240 
CCCA6CCACT GGGCTGGGCC TGGCCCA 267 
ATG GCC TTT AAT GAC CTC CTG CAG CAG GTG 6GG GGT GTC GGC CGC 312 
Met Ala Phe Asii Asp Leu Leu Gin Gin Val Gly Gly Val Gly Arg 
1 5 10 15 

TTC CAG CAG ATC CAG GTC ACC CTG GTG GTC CTC CCC CTG CTC CTG 357 
Phe Gin Gin He Gin Val Thr Leu Val Val Leu Pro Leu Leu Leu 
20 25 30 

ATG GCT TCT CAC AAC ACC CTG CAG AAC TTC ACT GCT GCC ATC CCT 402 
Met Ala Ser His Asn Thr Leu Gin Asn Phe Thr Ala Ala He Pro 
35 40 45 

ACC CAC CAC TGC CGC CCG CCT GCC GAT GCC AAC CTC AGC AAG AAC 447 
Thr His His Cys Gly Pro Pro Ala Asp Ala Asn Leu Ser Lys Asn 
50 55 60 

GGG GGG CTG GAG GTC TGG CTG CCC CG6 GAC AGG CAG GGG CAG CCT 492 
Gly Gly Leu Glu Val Trp Leu Pro Arg Asp Arg Gin Gly Gin Pro 
65 70 75 

GAG TCC TGC CTC CGC TTC ACC TCC CCG CAG TGG GGA CTG CCC TTT 537 
Glu Ser Cys Leu Arg Phe Thr Ser Pro Gin Trp Gly Leu Pro Phe 
80 85 90 

CTC AAT GGC ACA GAA GCC AAT GGC ACA GGG GCC ACA GAG CCC TGC 582 
Leu Asn Gly Thr Glu Ala Asn Gly Thr Gly Ala Thr Glu Pro Cys 
95 100 105 
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ACC GAT GGC 
Thr Asp Gly 

GT6 ACT GAG 
Val Thr Glu 

CTG GCC CAG 
Leu Ala Gin 

GTG TTC GGC 
Val Phe Gly 

ATC TTG AAC 
He Leu Asn 

TTC GCA CCC 
Phe Ala Pro 

GGC ATG GCT 
Gly Met Ala 

GTG GAG T6G 
Val Glu Trp 



TGG ATC TAT 
Trp He Tyr 

110 
TGG GAC CTT 
Trp Asp Leu 

125 
TCC TTG TAC 
Ser Leu Tyr 

140 
TAC CTT GCA 
Tyr Leu Ala 

155 

TAC CTG CAG 
Tyr Leu Gin 

170 
AAC TTC CCC 
Asn Phe Pro 

185 
CTG GCT GGC 
Leu Ala Gly 

200 
ATG' CCC ATT 
Met Pro He 

215 



GAC AAC 
Asp Asn 

GTG TGC 
Val Cys 

ATG GTG 
Met Val 

GAC AGG 
Asp Arg 

ACA GCT 
Thr Ala 

ATC TAC 
He Tyr 

ATC TCC 
He Ser 

GAC ACA 
His Thr 



AGC ACC TTC 
Ser Thr Phe 

115 
TCT CAC AGG 
Ser His Arg 

130 
GGG GTG CTG 
Gly Val Leu 

145 

CTA GGC CGC 
Leu Gly Arg 

160 
GTG TCA GGG 
Val Ser Gly 

175 
TGC GCC TTC 
Cys Ala Phe 

190 
CTC AAC TGC 
Leu Asn Cys 

205 
CGG GCC TGC 
Arg Ala Cys 

220 



CCA TCT 
Pro Ser 

GCC CTA 
Ala Leu 

CTC GGA 
Leu Gly 

CGG AAG 
Arg Lys 

ACC TGC 
Thr Cys 

CGG CTC 
Arg Leu 

ATG ACA 
Met Thr 

GTG GGC 
Val Gly 



ACC ATC 
Thr He 

120 
CGC CAG 
Arg Gin 

135 
GCC ATG 
Ala Met 

150 
GTA CTC 
Val Leu 

165 
GCA GCC 
Ala Arg 

180 
CTC TCG 
Leu Ser 

195 
CTG AAT 
Leu Asn 

210 
ACC TTG 
Thr Leu 

225 



627 



672 



717 



762 



807 



852 



897 



942 
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ATT GGC TAT GTC TAC AGC CTG GGC 

He Gly Tyr Val Typ Ser Leu Gly 
230 

6CC TAC GCT GTG CCC CAC TGG CGC 

Ala Tyr Ala Val Pro His Trp Arg 
245 

6CG CCT TTT TTT GCC TTC TTC ATC 

Ala Pro Phe Phe Ala Phe Phe He 
260 

TCG GCC CGC TGG CAC TCC TCC TCC 

Ser Ala Arg Trp His Ser Ser Ser 
275 

AGG GCC CTG CAG AGA GTC GCC CGG 

Arg Ala Leu Gin Arg Val Ala Arg 
290 

GGA GCC AAA TTG AGT ATG GAG GTA 

Gly Ala Lys Leu Ser Met Glu Val 
305 

GAG CTG ACC ATG GGC AAA GGC CAG 

Glu Leu Thr Met Gly Lys Gly Gin 
320 

CGC TGC CCC ACC CTC CGC CAC CTC 

Arg Cys Pro Thr Leu Arg His Leu 
335 
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CAG TTC CTC CTG GCT 6GT GTG 987 
Gin Phe Leu Leu Ala Gly Val 

235 240 
CAC. CTG CAG CTA CTG GTC TCT 1032 
His Leu Gin Leu Leu Val Ser 

250 255 
TAC TCC TGG TTC TTC ATT GAG 1077 
Tyr Ser Trp Phe Phe He Glu 

265 270 
GGG AGG CTG GAG CTC ACC CTG 1122 
Gly Arg Leu Asp Leu Thr Leu 

280 285 
ATC AAT GGG AAG CGG GAA GAA 1167 
He Asn Gly Lys Arg Glu Glu 

295 300 
CTC CGG GCC AGT CTG CAG AAG 1212 
Leu Arg Ala Ser Leu Gin Lys 

310 315 
GCA TCG GCC ATG GAG CTG CTG 1257 
Ala Ser Ala Met Glu Leu Leu 

325 330 
TTC CTC TGC CTC TCC ATG CTG 1302 
Phe Leu Cys Leu Ser Met Leu 

340 345 
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TGG TTT GCC 
Trp Phe Ala 

CAG GGC TTT 
Gin Gly Phe 

GCT GT6 GAC 
Ala Val Asp 

TCC CTG GGT 
Ser Leu Gly 

GGC ATC TGC 
Gly He Cys 

ATT GTC CGA 
lie Val Arg 

GCC TCC TTC 
Ala Ser Phe 

ACA ATG ATC 
Thr Met lie 



ACT AGC 
Thr Ser 

350 
GGA GTC 
Gly Val 

365 
CTG CCT 
Leu Pro 

380 
CGC CGG 
Arg Arg 

395 
ATC CTG 
lie Leu 

410 
ACC TCT 
Thr Ser 

425 
AAC TGC 
Asn Cys 

440 
CGG CAG 
Arg Gin 

455 



TTT GCA 
Phe Ala 

AGC ATC 
Ser He 

GCC AAG 
Ala Lys 

CCT GCC 
Pro Ala 

CTC AAT 
leu Asn 

CTT GCT 
Leu Ala 

ATC TTC 
lie Phe 

ACA GGC 
Thr Gly 



TAG TAT 
Tyr Tyr 

TAC CTA 
Tyr Leu 

CTT GTG 
Leu Val 

CAG ATG 
Gin Met 

GGG GTG 
Gly Val 

GTG CTG 
Val Leu 

CTG TAT 
Leu Tyr 

ATG GGA 
Met Gly 



GGG CTG 
Gly Leu 
355 

ATC CAG 
He Gin 
370 

GGC TTC 
Gly Phe 
385 

GCT GCA 
Ala Ala 
400 

ATA CCC 
He Pro 
415 

GGG AAG 
Gly Lys 
430 

ACT GGG 
Thr Gly 
445 

ATG GGC 
Met Gly 
460 



GTC ATG 
Val Met 

GTG ATC 
Val He 

CTT GTC 
Leu Val 

CTG CTG 
Leu Leu 

CAG GAC 
Gin Asp 

GGT TGT 
Gly Cys 

GAA CTG 
Glu Leu 

AGC ACC 
Ser Thr 



GAC CTG 
Asp Leu 

360 
TTT GGT 
Phe Gly 

375 
ATC AAC 
He Asn 

390 
CTG GCA 
Leu Ala 

405 
CAG TCC 
Gin Ser 

420 
CTG GCT 
Leu Ala 

435 
TAT CCC 
Tyr Pro 

450 
ATG GCC 
Met Ala 
465 



1347 



1392 



1437 



1482 



1527 



1572 



1617 



1662 
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CGA GTG GGC AGC ATC GTG AGC CCA CTG GTG AGC ATG ACT GCC GAG - 1707 
Arg Val Gly Ser He Val Ser Pro Leu Val Ser Met Thr Ala Glu 

470 475 480 

CTC TAC CCC TCC ATG CCT CTC TIC ATC TAC GGT GCT GTT CCT GTG 1752 
Leu Tyr Pro Ser Met Pro Leu Phe He Tyr Gly Ala Val Pro Val 

485 490 495 

GCC GCC AGC GCT GTC ACT GTC CTC CTG CCA GAG ACC CTG GGC CAG 1797 
Ala Ala Ser Ala Val Thr Val Leu Leu Pro Glu Thr Leu Gly Gin 

500 505 510 

CCA CTG CCA GAC AC6 GTG CAG GAC CTG GAG AGC AGG T6G GCC CCC 1842 
Pro Leu Pro Asp Thr Val Gin Asp Leu Glu Ser Arg Trp Ala Pro 

515 520 525 

ACT CAG AAA GAA GCA GGG ATA TAT CCC AGG AAA 6GG AAA CAG ACG 1887 
Thr Gin Lys Glu Ala Gly He Tyr Pro Arg Lys Gly Lys Gin Thr 

530 535 540 

CGA CAG CAA CAA GAG CAC CAG AAG TAT ATG GTC CCA CTG CAG GCC 1932 
Arg Gin Gin Gin Glu His Gin Lys Tyr Met Val Pro Leu Gin Ala 

545 550 555 

TCA GCA CAA GAG AAG AAT GGA CTC 1956 
Ser Ala Gin Glu Lys Asn Gly Leu 

560 563 

TGAGGACTGA GAAGGGGCCT TACAGAACCC TAAAGGGAGG GAAGGTCCTA CAGGTCTCCG 2016 
GCCACCCACA CAAGGAGGAG GAAGAGGAAA TGGTGACCCA AGTGTGGGG6 TTGTGGTTCA 2076 
G6AAAGCATC TTCCCAGGGG TCCACCTCCC TTTATAAACC CCACCAGAAC CACATCATTA 2136 
AAAGGTTTGA CTGCGAAAAA AAAAAAAAAA AAAAA 2171 
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